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Sebum production and skin surface lipid composition 
have been measured during the oral treatment with 
13cis-retinoic acid of a group of patients with severe 
cystic acne. Two hundred and thirty-eight paired sam-
ples have been analyzed and compared. A marked, drug-
induced decrease in sebum production was accompanied 
by a decrease in the concentration of wax esters, a slight 
decrease in the squalene concentration and an increase 
in the cholesterol concentration in the skin surface lip-
ids. These changes were consonant with changes in the 
relative contributions of sebum and epidermal lipid to 
the surface film, except that at very low levels of sebum 
production there might be preferential preservation of 
squalene synthesis. 
The oral administration of 13cis-retinoic acid in dosages 
averaging' 2 mg/ kg day has been shown to produce highly 
significant changes in human surface lipid composition [1-3]. 
The nature of the composition changes was interpreted as 
indicating that this synthetic retinoid markedly inhibited hu-
man sebaceous gland activity. This was a remarkable finding 
inasmuch as we have never previously observed a change in 
skin surface lipid composition resulting from sebaceous gland 
inhibition. Therefore, as part of a new study on the effect of 
13cis-retinoic aci<;l on human sebaceous gland activity, both 
sebum production and skin surface lipid composition have been 
measured simultaneously in order to verify that the composition 
changes are indeed related to the inhibition of sebaceous gland 
activity. 
MATERIALS AND METHODS 
Sebum production and skin surface lipid composition were measured 
in a group of 16 patients with severe cystic acne who were participating 
in a double-blind, dose-response study of I3cis-retinoic acid. The pa-
tients were treated with 0.1, 0.5 or 1.0 mg/ kg of I3cis-retinoic acid for 
12 weeks. The lipid samples for both sebum production and composition 
studies were obtained from the forehead on the same day before 
treatment, periodically during treatment and after treatment. The 
analyses for sebum production and skin surface lipid were done by the 
method of Strauss and Pochi [4] and Downing [5], respectively. For 
the skin surface lipid analysis the chromatographic results were cor-
rected according to the formula developed by Downing and Stranieri 
(6]. The data presented below are based on the comparison of 238 sets 
of samples. 
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RESULTS 
The results, as presented in the Table, show the composition 
of the skin surface lipids for each 0.20 mg increment of sebum 
production (up to 3.0 mg lipid/10 sq cm/3 hr) . The individual 
values for sebum composition in each sebum production incre-
ment have been averaged. There are no changes in the per-
centage of triglycerides in relation to sebum production. The 
wax ester content of the skin surface lipids is decreased with 
lowered sebum production rates, and the squalene shows pos-
sibly a slight decrease when sebum production is low. On the 
other hand, the concentration of cholesterol is well above 
normal values when sebum production is low. The Figure is a 
scattergram of the cholesterol data showing that when sebum 
production is less than 0.4 mg lipid/ 10 sq cm/3 hr, the choles-
terol concentration is above 10%, a value which is definitely 
abnormal for an adult. 
DISCUSSION 
The data confirm the previous implication that the change in 
skin surface lipid composition during oral administration of 
13cis-retinoic acid reflects a dramatic decrease in sebum pro-
duction [1-3]. The change in skin surface lipid composition is 
not specific, but merely represents the change in the contribu-
tion of the sebaceous glands to the surface lipid film, which has 
both epidermal and sebaceous gland components [7]. Triglyc-
erides are found in approximately equal amounts in epidermal 
and sebaceous lipids, whereas wax esters and squalene are 
considered to be unique to sebaceous lipids. Since the lipid film 
is almost entirely of sebaceous origin in adults, there is a high 
concentration of these components in adult skin surface lipids. 
Although this is clearly the case with wax esters, the changes 
in squalene are much less convincing. We observed in our 
earlier studies in children [8], and again in the present study, 
that at very low rates of sebum production the squalene con-
centration is not markedly reduced. We cannot account fully 
for this small change in squalene, and indeed, it may represent 
a change in synthetic pathways within the gland resulting in a 
preferential preservation of squalene synthesis, as we have 
observed in starvation [9]. An alternative explanation rests on 
the previously unsuspected possibility that human epidermal 
lipid might contain squalene in approximately the same con-
centration as occurs in sebum. This idea provides the most 
logical explanation for the changes in surface lipid compositions 
observed in the present study and in our previous studies of 
anatomical [7] and developmental [8] variations in the surface 
film. 
There is only a small proportion of cholesterol in sebaceous 
lipids and a high proportion in epidermal lipids. Thus, when 
there is a small sebaceous component, as in the prepuberal 
child, or after the glands are greatly inhibited, as with 13cis-
retinoic acid, the cholesterol concentration in skin surface lipids 
increases. As shown in the Table and Figure, when sebum 
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Correlation of sebum production and shin surface lipid composition 
Sebum production Surface lipid composition 
(mg lipid/ 10 sq cm/3 hr) TG" CH1' WE' SQ" 
0.00-0.20 61.1 11.2 14.5 13.2 
0.21-0.40 61.2 10.6 15.2 13.0 
0.41-0.60 61.9 7.5 16.5 14.1 
0.61-0.80 59.8 5.7 19.9 14.6 
0.81-1.00 59.4 5.0 19.4 16.2 
1.01- 1.20 58.2 4.3 21.1 16.4 
1.21- 1.40 58.4 3.4 22.9 15.3 
1.41-1.60 60.1 3.3 20.8 15.8 
1.61-1.80 59.5 3.1 22.0 15.4 
1.81-2.00 58.0 2.8 23.7 15.5 
2.01-2.20 60.5 2.2 22.9 14.4 
2.21-2.40 55.8 2.6 24.1 17.5 
2.41-2.60 59.1 2.6 21.9 16.4 
2.61- 2.80 58.3 2.8 24.8 14.1 
2.81- 3.00 59.8 2.4 22.8 15.0 
>3.00 59.2 2.3 23.8 14.7 
" = triglycerides, diglycerides and free fatty acids. 
h = cholesterol and cholesterol esters. 
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surface lipids. 
production is reduced to 0.4 mg lipid/10 sq cm/3 hr or less the 
cholesterol content of the surface lipid film is greater than 10%. 
Since sebum production in the adult male is approximately 2.5 
mg lipid/10 sq cm/3 hr, on average at least an 85% decrease in 
sebaceous gland activity is required in order to be able to detect 
significant changes in the cholesterol content of skin surface 
lipids. It is not surprising, therefore, that we have not observed 
drug-induced changes in surface lipid composition previously, 
since no other therapeutic agent that we have tested has 
produced decreases in sebum production of this magnitude. 
The fact that the change in composition occurs at approximate 
0.4 mg of lipid would be expected, based upon our earlier studies 
on the regional variation in the amount and composition of 
surface lipid [7]. 
It should be noted that in general the cholesterol levels are 
not as high as those reported by us before in patients treated 
with 13cis-retinoic acid [1-3]. The previous values were ob-
tained at a time when we were converting from one type of 
densitometer to our present instrument. We have learned that 
the Clifford densitometer, as well as most other newer densi-
tometers, have a linear response to optical density and do not 
provide any correction for hyperchromic deviations. Therefore, 
it is necessary to apply a correction factor [6] which was not 
incorporated into the previous calculations. This correction 
factor which requires raising peak heights to the power 1.4 has 
a greater influence on the major components pO that those 
lipids found in the greatest amounts, such as triglycerides, will 
be increased relative to minor components such as cholesterol. 
With the application of this correction factor for deviations 
from the Lambert-Beer Law, our data as expressed herein 
represents the true composition, whereas our earlier data had 
artificially elevated cholesterol values. The present analyses are 
also fully comparable with our published data obtained with 
the Photovolt densitometer since that instrument provided an 
electronic correction for the non-linear response to optical 
density. 
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